Introduction: In humans, it has not been established that the use of elastic tourniquet (ET) during myomectomies, whose delivery times do not exceed 90 minutes, which is responsible for ischemia reperfusion (I/R) systemic. Objectives: To study the plasma variations of markers of I/R during myomectomies performed with ET, whose exposure time does not exceed 90 minutes. Population and methods: Plasma créatinin phosphokinase kinase (CPK) and gluthatione peroxydase (GPX) levels of patients with ET myoma (M + G +, n = 19), taken before, during and after exposure, were compared to those of women operated on myoma without tourniquet (M + G −, n = 15), carriers of unoperated myomas (M + G0, n = 20) and controls (M0G0, n = 18). M + G + and M + G −, but is elevated relatively to controls (M0G0), but also to M + G0's group. These results show that, for exposure times not exceeding 90 minutes, the elastic tourniquet is probably not the cause of the increase in plasma I/R markers observed in M + G + women. Moreover, these data suggest that the variations of the markers observed during the different surgical stages within each of the two groups of women M + G + and M + G − compared to those of the controls (M0G0) and unoperated myomas (M + G0) are due essentially to the surgical act.
Introduction
Ischemia is the consequence of a decrease in blood flow in a given vascular territory [1] [2] [3] [4] . Reperfusion is the restoration of blood circulation in a tissue that has been previously subjected to ischemia [1] - [6] . In the post-ischemic period, the restoration of blood flow is essential to avoid irreversible damage.
However, the latter can transform viable ischemic lesions into non-viable ones.
The name ischemia-reperfusion (I/R or IR) recalls that tissue damage is a direct result of hypoxia-ischemia and indirectly reperfusion-reoxygenation [6] [7] [8] [9] . Outside medical situations [1] [2] [9] [10] [11] , certain types of surgeries are providers of I/R phenomena [1] [12]- [17] , this is the case of the use of the tourniquet during myomectomy [17] [18] [19] [20] .
Myomectomy is a surgical procedure that allows patients to retain their uterus in the context of myomatous diseases [17] - [25] . Although common [17] - [22] , the removal of myomas can be complicated by severe bleeding [18] - [25] . Despite controversies over the use of the tourniquet (ET) during this surgery, it remains an indispensable tool for many practitioners [17] - [23] [25] . Indeed, its use causes a temporary stop of the blood circulation, generating a bloodless operative field and allowing a surgical comfort [18] - [26] . This technique is thus commonly used for many young women of sub-Saharan Africa because of the sometimes voluminous and multiple leiomyomas [22] [24] . However, for some authors, the arterial ligation generated by the tourniquet is responsible for a temporary stop of the blood flow downstream, but also for tissue compression at its various points of passage. Ultimately, this circulatory interruption would lead downstream complications of I/R causing tissue damage and cell necrosis may cause physiological dysfunction [1] [31] .
During some non gynecological surgeries involving tourniquet, systemic complications have been described, most of which are attributed to the duration of the application and its relaxation [1] [23] . Or, at present, when using the ET, the time to onset of I/R at the uterine and systemic level is not completely known [18] - [26] .
Indeed, animal model studies have found uterine I/R lesions appearing beyond the 2 nd hour in rats and at the 4th hour in cynomolgus monkeys [32] [33] . On the human scale, several authors have described the phenomena of ischemia and reperfusion during myomectomy by ligation of the uterine arteries, but without being precise about the time of onset or their systemic expression [33] - [40] . We have initiated this work, because in humans, it is not clear that the elastic tourniquet times of less than 90 minutes are responsible for systemic I/R phenomena.
Population and Methods

Population
This was an observational, prospective, case-control study conducted in Libreville This work has been done according to Helsinki's ethical recommendations on the use of living things [41] . Informed consent was obtained from women. In addition, they have been assured of the confidentiality of the data collected. In addition, we obtained prior authorizations from those responsible for the structures in which we conducted this study.
Inclusion Criteria
All women, regardless of age, with an indication of myomectomy (gynechological examination, pelvic echography) with or without tourniquet, as well as those with unoperated myomas (gynechological examination, pelvic echography), were included in this work after obtaining informed consent. Similarly, women in good health, with socio-demographic criteria superimposed on those of the patients and free from any medico-surgical condition were recruited (normal gynecological examination and pelvic echography).
Non Inclusion Criteria
All patient who refused to participate in the study and those who had at least one factor that could alter the plasma concentrations of the I/R markers were not the inclusion criteria were informed of the survey and its progress. They received a detailed study card and an informed consent form.
After the clinical evaluation of the consenting patients, the data collected was recorded in a medical file. In total, during the study period, 120 women with eligibility criteria were The data collected at the end of the clinical and ultrasound evaluation were recorded in a medical file. It was clinically relevant, from age (years), the morphological characteristics of the myoma (number, size in mm), the duration of surgery and tourniquet (in minutes). At the biological level, they concerned 
Patients with Unoperated Myomas (M + G0)
Dosage of the GPX It was dosed manually by ELISA (Enzyme linked immunosorbent assay)
technique. To do this, we used a kit from the Elabscience® laboratory. This assay was performed according to a procedure previously described [43] . One hundred (100 μl) serum was placed in the wells containing GPX monoclonal antibody.
Subsequently, the plate was covered with an adhesive film of cellophane and incubated for 90 minutes at 37˚C. After this incubation and removal of the liquid, 100 μl of biotinylated AB working solution was added. The wells were again covered and reincubated for 1 hour at 37˚C. After this incubation, the wells were washed 3 times with 350 μl of washing buffer. At the end of this treatment, 100 μl of peroxidase (HRP) were placed in each well, followed by another incubation at 37˚C. for 30 minutes. Following this step, we performed 5 washing operations as previously described, then 90 μl of substrate were added to each well. Thirty minutes later, the solution turned blue, then 50 μl of the stop solution was added to each well. The last step was to read the optical density at 450 nanometers (PR 3100 TM reader, BIORAD ® ). The plasma concentrations of GPX were obtained by comparison with a standard range that had been treated at the same time as the samples.
Determination of CPK, Calcemia and Serum Potassium
For the determination of the total serum concentration of CPK, ready-to-use reagents were used (COBAS C311 TM Automaton, Roche ® Hitachi, Germany).
Reflection densities were monitored during incubation. The rate of change of the reflection density was then converted to enzymatic activity. The reaction was read spectrophotometrically. 
Results
Sociodemographic and Clinical Parameters of the Working Population
The socio-demographic and clinical parameters of the study population are summarized in Table 1 
Comparison of Plasma Concentrations of GPX, CPK, Ca 2+ , K + Obtained in Patients with Myomectomy Using Elastic Tourniquet (M + G +) Compared to Control Women (M0G0)
The average plasma concentration of CPK was 57.21 U/l in M0G0, whereas it was 71.64 U/l in M + G +, before the tourniquet (p = 0.118), 95.67 U/l during (p = 0.001), and 135.443 U/l after emergence (p < 0.00001).
The mean plasma concentration of GPX was 2.306 μg/ml in M0G0's. In M + G +, it was 3.567 pg/ml before tourniquet (p = 0.0001), 3.645 pg/ml during (p < 0.00001) and 3.694 pg/ml after release (p < 0.00001). (Table 3) . The mean plasma concentration of GPX in M + G − was 3.255 μg/ml before surgery, 3.413 μg/ml during (p = 0.008) and 3.632 μg/ml after (p = 0.001). In M0G0, it was 2.306 pg/ml. Table 5 ).
Comparison of Plasma
Discussion
This work was initiated to study the variations in plasma concentrations of markers of ischemia (CPK, K + , Ca 2+ ) and reperfusion (GPX) in patients operated on uterine myoma with use of the tourniquet, whose duration of pose did not exceed 90 minutes. To do this, we conducted a prospective case-control study, during which we encountered several constraints.
One of the biggest difficulties was the refusal to participate, especially since it concerned almost 40% of the total population and more than half of M + G + women.
The second problem we faced was the lack of routine dosing of GPX [42] [43] .
As a result, we used the recruitment of a population of control women (M0G0).
The plasma levels of the markers obtained in these individuals thus allowed us to have a reference value or control concentration of GPX [42] [43].
At the same time, comparing this control concentration to that found in M + G0 women gave us the opportunity to identify all women with unoperated myomas who had elevated plasma levels of IR markers. Indeed, in the literature, a direct link has been found between myomatous pathology and oxidative stress phenomena, at least from the physiological and systemic point of view [45] [46] .
That is to say that in physiological conditions, in women with asymptomatic myomas, the antioxidant and prooxidant status would be imbalanced, this at the expense of the second. This implies that in the basal state, a rise in GPX levels is observable in people with myomas. 
Comparison of Plasma Concentrations of GPX, CPK, Ca 2+ , K + of Control Women (M0G0), of Women with Unoperated Myoma (M + G0)
At the end of our study, no statistically significant difference was found between the plasma concentrations of ischemia markers (CPK, K +, Ca 2+) found in controls (M0G0) and those of women with unoperated myomas (M + G0).
These results show that the plasma levels of ischemia markers obtained in women with non-operated myoma (M + G −) are not different from those of healthy women (M0G0).
Our data thus suggest that the myomas in themselves probably do not have systemic detectable proischemic activity, despite intense in situ proliferative activity, previously observed by Cibiera, Guo, Zheng, et al. [52] A study by Farimani et al., which examined the expression of markers of oxidative stress after myomectomy, found elevated levels of GPX3 and glycodelin in the myometrium, up to 3 months after surgery, in women who received a myomectomy without tourniquet. According to the latter, the myomectomy would lead to an expression of GPX, so oxidative stress phenomena in relation to the implantation zone of the egg. This mechanism could be involved in the infertility observed in these patients [48] .
Comparison of Plasma
As a result, compared with plasma reference levels (control values), plasma concentrations of IR markers are elevated in M + G − during the surgical period.
Thus, the classical surgical procedure (incision, then uterine and parietal suture), constantly practiced during this type of intervention would be the main cause of this increase [47] [49] [56] [57] . However, despite the fact that this is difficult to demonstrate in practice, the intra uterine expression of GPX evoked by Farimani et al. during the ablation of myomas, taken in isolation, could promote a secondary elevation of plasma GPX levels [48] . To compare the plasma concentrations of GPX, CPK, Ca 2+ , K + collected before, during and fifteen minutes after the emergence of the elastic tourniquet in patients with tournaments of tourniquet-shaped myoma (M + G +), compared to patients with myocardial surgery without tourniquet (M + G −).
Before surgery, the plasma concentrations of I/R markers of women operated without tourniquet-free myoma (M + G −) were not significantly different from those operated for myoma using tourniquet (M + G −) This result suggests that myomas are probably not in themselves responsible for systemic I/R phenomena, despite prooxidative and inflammatory intra-myomatous activity described by contemporary studies [45] In the same way, during the entire duration of the elastic tourniquet in women M + G + (time corresponding to the ligation of the arteries, the uterine incision and the removal of the myomas in the subjects M + G +), the plasma levels markers obtained were not different from those of patients operated for myomas without tourniquet (time corresponding to uterine incision and ablation of myomas without tourniquet in M + G −), but were nevertheless higher than the control concentrations (M0G0). Several explanations of this result are possible.
With respect to GPX and CPK plasma assay techniques, although those used in the present investigation have few limitations, their system-level sensitivities to IR are limited. is not absolute [42] [43] [50] . To do this, a plasma assay of markers correlated with an immunohistochemical study would be more interesting [48] [49] .
Another explanation is the existence of a network of vascular supply at the uterine level and around the fibroid [59] . This important vascular network could improve circulation during arterial ligation, thus decreasing the production and accumulation of free radicals and other molecules from tissue pain. According to several authors, this type of vascularization could explain the tolerance of the uterus with respect to ischemia and paradoxically the destruction of certain myomas observed after myomectomies by arterial ligation [29] - [39] [58] [59] [60] .
A third reason would be related to the actual surgical procedure. Thus, the elevation of markers noted in women who had undergone a myomectomy (M + G +/M + G −) would be mainly due to the surgical act, that is to say to the tissue damage linked to the incision parietal and uterine, as well as ablation of myomas. Several studies have shown that abdominal surgery is responsible for tissue and systemic ischemia and inflammation [47] abdominal versus laparoscopic surgery [57] . Al-Khyatt and et al., for their part, observed ischemia phenomena during laparoscopic intestinal surgery [56] .
At the end of this investigation, the average tourniquet duration was 51.56 ± 14.12 minutes, with extremes of 30 and 88 minutes. Apart from myocardial ischemia, which is usually established in less than an hour [1] [2] [8] , in the majority of studies concerning the phenomena of tissue ischemia in general, and more specifically that of origin these lesions occur downstream and beyond the 2 nd hour during a circulatory interruption upstream [7] [51] . In other words, the duration of tourniquet less than 90 minutes could also be a factor explaining the absence of significant variation in plasma marker levels between groups of women M + G + and M + G −, despite their elevation within each of the two groups. Indeed, the phenomena of ischemia were observed both in animals than in humans, only during periods of arterial occlusion exceeding 1h30 minutes. In orthopedics, in animals, inflating times greater than 2 hours would be responsible for sometimes irreversible muscle damage, despite the duration of reperfusion of more than 3 hours [12] [13] [14] [15] . One of the mechanisms involved is a progressive decrease in super oxide dismutase with mitochondrial dysfunction. In humans, according to
Omar [16] , Oragui [15] , and Van der Spuy and et al. [51] , tourniquet exposure times exceeding 2 hours are responsible for systemic ischemic phenomena. In the opinion of the same authors, the plasma marker levels of IR.
On a human scale, these lesions appear at the same time and would have repercussions on the myometrium, the myoma, the ovarian function, as well as [34] .
Similarly, the existence of uterine vascular replacement, associated with tourniquet durations not exceeding 1h30 minutes during our investigation, would also be another reason [59] . Continuous or even partial perfusion, would favor a progressive decrease in the plasma concentration of the markers before the recirculation process secondary to the lifting of the tourniquet [1] [57] . Moreover, in comparison with the control values, they assume that the variation noted is not due to the relaxation of the withers, but rather to the ischemia related to the surgical incisions.
There was a statistically significant difference, despite a slight variation in GPX plasma concentrations between M + G + and M + G − (3.694 versus 3.632, p = 0.001), after the lifting of the elastic tourniquet (time corresponding to the end of the removal of myomas and suture of the uterus in M + G +, and at the end of uterine suture in M + G −). The sensitivity of GPX to reperfusion is well established [42] [43] [50] , the incomplete uterine ischemia caused by the existence of the vascular supply [59] strongly solicited during uterine surgeries. Performed under arterial occlusion, could explain this result once again [29] [30] [31] [35] [36] . According to Byron and et al. [14] , the relaxation of the tourniquet performed on the lower limb of a rat is immediately accompanied by an overproduction of the biomarkers of the IR. In this case, we can say that there is a phenomenon of reperfusion during the myomectomies under tourniquet, but it is of lesser degree, probably due to complex anastomotic intrauterine and peri-myomatous vasculature previously evoked by Nassif and et al. [59] .
To a lesser degree, the tourniquetation times chosen in this study, together with the particular vascularization of the uterus, may also justify the data obtained. In the literature, most of the work dealing with this aspect of the subject is of an experimental nature.
Thus, in macaques, Kisu and et al. [32] , as well as Adachi and et al. [62] , noted high levels of reperfusion markers only at the end of the 1 st and 3 rd hours respectively after the arterial occlusion was removed. Tsompos and al. Looking for markers of muscle pain after half an hour in rats, had obtained similar data [32] . In humans, a study by Banu et al, in women with myomas uterine patients, had elevated plasma concentrations of markers of ischemia and inflammation only 24 hours after embolization of the uterine arterial occlusion, but did not specify the surgical or emboligenic origin of this increase [39] . As a result, this result shows that the lifting of the elastic tourniquet is not the cause of the increase in plasma I/R markers found in M + G + women. Moreover, he suggests that the variations of the markers observed during the various surgical stages within each of the two groups of women operated (M + G +/M + G −) compared to those of the controls (M0G0) are due essentially to the surgical procedure, ie the intensity of the lesion process linked to the operative procedure (parietal and uterine incision, ablation of the myomas, parietal suture, then uterine) which depends in part on the operating time.
Conclusion
The plasmatic concentration of ischemia (CPK, K + ) and reperfusion (GPX, Ca 2+ )
biomarkers does not differ between M + G + and M + G −, but is elevated relatively to controls (M0G0), but also to M + G0's group. These results show that, for exposure times not exceeding 90 minutes, the elastic tourniquet is probably not the cause of the increase in plasma I/R markers observed in M + G + women. Moreover, these data suggest that the variations of the markers observed during the different surgical stages within each of the two groups of women M + G + and M + G − compared to those of the controls (M0G0) and unoperated myomas (M + G0) are due essentially to the surgical act.
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